All symmetric space AdS n solutions of ten-dimensional type IIA and type IIB supergravity are constructed for n > 2. There are a total of 26 geometries. Out of these only 7 allow for supersymmetries and these are the well known backgrounds coming from near-horizon limits of (intersecting) branes in ten or eleven dimensions and preserving 32, 16 or 8 supersymmetries.
Introduction
Symmetric spaces provide the simplest class of supergravity solutions since for these the supergravity equations become algebraic. By a symmetric supergravity solution we mean that the geometry is that of a symmetric space and also that the fluxes (and dilaton) are expressed in terms of invariant forms on this symmetric space, i.e. they respect the isometries of the space. Since the invariant forms must be both constant and covariantly constant all terms in the supergravity equations involving derivatives of the fluxes or dilaton drop out. Furthermore the Ricci tensor for a (irreducible) symmetric space is proportional to the metric and the supergravity equations reduce to simple quadratic equations relating the parameters in the fluxes to the curvature radii of the geometry. Solving these quadratic equations, although in principle straight-forward, can be quite involved (and the set of solutions very rich) if the space in question allows for many invariant forms. In the case of eleven-dimensional supergravity this was carried out in [1] , completing earlier work in [2] .
Here we want to attempt the same classification in ten dimensions. Specifically we will consider the maximal type IIA and type IIB supergravities. A partial classification for the type IIB case was obtained in [3] , we comment below on the overlap with the results presented here.
Although the number of allowed geometries goes down in going from eleven to ten dimensions the complexity of the analysis goes up. The reason for this is that, while in eleven dimensions there is only the four-form flux, in ten dimensions there are RR fluxes of various degree as well as the three-form NSNS flux. There are therefore many more parameters that enter the ansatz for the fluxes. In particular for AdS 2 solutions this makes the analysis so involved that we will not attempt it here (some type IIB solutions were found in [3] ).
In general there are two types of symmetric space solutions: AdS-solutions and pp-wave type solutions [4] . 1 Since the latter are very simple and typically arise as Penrose limits of the former we will concentrate on the AdS-solutions. These are also of great interest from the point of view of holography [5] . 2 In particular these backgrounds are interesting since symmetric spaces are often associated with integrable string sigma models. In the absence of NSNS flux the bosonic string action is simply a symmetric space sigma-model which is a well known type of integrable model.
The geometry of the solutions consist of an AdS n factor (recall that we restrict here to n > 2) and a Riemannian factor. The Riemannian factor is a product of irreducible Riemannian factors. Up to dimension seven these are listed in table 1 together with the invariant forms they allow. In addition there can of course be flat directions which we will denote as compact, e.g. T n , although our analysis is local and does not distinguish compact and non-compact flat directions. Once we have found all AdS n solutions for n > 2 we also analyze the conditions for supersymmetry and find as expected that the only supersymmetric solutions are ones that are already well known. The result of our analysis is summarized in tables 2-4. The solutions are numbered 1-24 and since two of the solutions allow also for a version with a non-compact Riemannian part there are 26 1 It is easy to prove that there are no dS-solutions, e.g. [3] . 2 However the new examples we find are non-supersymmetric and a recent conjecture [6, 7] suggests that they should therefore be unstable in string theory. -× -massive IIA 11. AdS 4 × S 3 × S 2 × S 1 × --T-dual to 10 and 13 12. AdS 4 × S 2 × S 2 × S 2 3 × -(massive) IIA 13. AdS 4 × S 2 × S 2 × T 2 -× - Table 3 : The 8 symmetric AdS 4 solutions. The number of free parameters entering the fluxes are given for the type IIA and type IIB solution respectively with '-' denoting no free parameters and '×' denoting that no solution exists. The number of supersymmetries preserved by the solution is also given. The notation in the first line means that there is a subbranch of the solution with no free parameters which is supersymmetric. The comment '(massive) IIA' means that the general solution has non-zero Romans mass but there is a subbranch where it vanishes.
In many cases the type IIA and type IIB solutions are T-dual to each other. Many of the (nonmassive) type IIA solutions arise by dimensional reduction of eleven-dimensional symmetric space solutions in [1] . Except for solutions 23 and 24 in table 4 (in their most general form) all the other type IIB solutions were already obtained in [3] . Their supersymmetries however were not previously analyzed. Also most, if not all, of the non-massive type IIA AdS 4 solutions were found in the early 1980's due to the interest in compactifications down to four dimensions [8] [9] [10] [11] [12] (see also the review [13] although it deals mostly with D = 11 supergravity). Some of the nonsupersymmetric solutions have certainly appeared in the literature before, e.g. AdS 5 × È 2 × S 1 [14] , but to my knowledge they have not been analyzed systematically apart from the previously mentioned works. The situation is of course different with the supersymmetric solutions.
There are 7 solutions which admit supersymmetries. They are well known and arise as near horizon geometries of D3-branes (AdS 5 × S 5 ) [15, 16] , dimensional reduction of the near horizon of M 2-branes (AdS 4 × È 3 ) [16, 17] or as near horizon geometries of various intersecting brane configurations [18] [19] [20] [21] [22] [23] . Furthermore these backgrounds have the nice property that the superstring is (at least classically) integrable [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
The outline of the paper is as follows. In section 2 we give the supergravity equations that we need to solve in the case of symmetric spaces and then proceed to solve them for AdS n Table 4 : The 11 symmetric AdS 3 solutions. The number of free parameters entering the fluxes are given for the type IIA and type IIB solution respectively with '-' denoting no free parameters and '×' denoting that no solution exists. The number of supersymmetries preserved by the solution is also given. The comment "T-dual" means that the type IIA and IIB solution are related by T-duality on the torus (note that the number of free parameters in the flux can change if it becomes possible, after T-duality, to remove a parameter (locally) by a rotation of the torus directions). The notation S 2 (H 2 ) means that either the compact S 2 or non-compact version H 2 can occur depending on the values of the parameters. Solution 23 has four distinct branches separated by a '/', the three-parameter branch has a one-parameter subbranch which preserves 8 supersymmetries.
Flux moduli
backgrounds starting with the highest n and working out the type IIA case first and then the type IIB case. In section 3 we analyze the supersymmetry of the solutions and we end with some conclusions. In the appendix we work out the Riemann tensor for some symmetric spaces.
Type II symmetric space solutions
As already remarked, when one restricts to symmetric space solutions the supergravity equations become algebraic since all terms with derivatives of field strengths or the dilaton vanish. We will use the supergravity conventions of [35] . The type II supergravity equations of motion in these conventions can be found for example in Appendix A of [36] . In the case of symmetric spaces they reduce to IIA :
2)
IIB :
We will refer to the first line as the Einstein equation, the second line as the F F -equations and the third line as the HF -equations. The Ricci tensor is defined as R ab = R ac c b and for each irreducible factor is just const.×η ab (δ ab ), the NSNS field strength is H = dB, while the RR field strengths F (n) are defined in the usual way in terms of RR potentials C (n−1) with F (0) the Romans mass parameter. Since the dilaton is simply a constant we have absorbed it into the RR fields. The inner product on forms is defined as 4) where the components are defined as α = 1 n! e an ∧ · · · ∧ e a 1 α a 1 ···an . We also define the contraction
The Hodge dual is defined as 6) where ε 0123456789 = 1.
Let us make a few observations about these equations. The first of the F F -equations in (2.1) and (2.3) imply that if H = 0 we must have RR-flux on AdS since otherwise all fluxes vanish and no AdS solution is possible. For type IIA this implies that AdS n solutions with n > 4 must have non-zero H and therefore no Romans mass F (0) = 0. In particular such geometries must have an invariant three-form. For type IIB the same is true except for in the AdS 5 case since in that case RR flux on AdS 5 is possible.
Furthermore it is not hard to prove (e.g. [3] ) that for a solution of the form AdS n × M 10−n the Riemannian part M 10−n must have positive scalar curvature, in particular it cannot be flat.
Another useful observation is that solutions with a È 2 factor can be thought of as special cases of solutions with an S 2 × S 2 factor. This is because the supergravity equations are essentially only sensitive to the invariant forms and the invariant forms of the former can be thought of as generated by a linear combination of those of the latter. Using this fact saves us having to analyze cases with È 2 factors separately. Note that the same is true also for È 3 and G + Ê (2, 5) solutions which can be treated as special cases of S 2 × S 2 × S 2 solutions but in this case there are so few examples that this observation is not very helpful. For similar reasons solutions with an S 5 or SLAG 3 factor can be thought of as special cases of solutions with an S 3 × S 2 factor.
Since we are solving quadratic equations for the parameters appearing in the ansatz for the fluxes we typically get various ± signs appearing in the solution. Often these are unimportant and can be removed. In particular the overall sign of H or the overall sign of all RR fluxes is unimportant since it does not affect the equations of motion or supersymmetry equations, see section 3. The same is true for any change of sign of the invariant forms that preserves the overall orientation, e.g. flipping the sign of two flat coordinates (but not one). The reason the orientation must be preserved is the appearance of the ε-symbol through the Hodge dual. We will make use of these facts to remove the inconsequential signs in the solutions.
All solutions are given in equations with the geometry in boldface together with the corresponding fluxes. The conditions on the parameters appearing in the fluxes are given in the equation or just below, e.g. (2.8) . We also give the curvatures of the different irreducible factors as the number multiplying η ab (δ ab ) in the Ricci tensor. We use the following notation for the invariant forms appearing
• ν denotes the unit volume form on AdS with |ν| 2 = −1
• σ denotes the unit volume form on spheres with |σ| 2 = 1
• ω denotes the Kähler form on È n or G + Ê (2, 5) satisfying |ω| 2 = n and which we take to have the form ω = e 2 ∧ e 1 + e 4 ∧ e 3 + . . .
• ϑ 12···n denotes the basic forms on flat directions, i.e.
Since we have already argued that AdS n solutions with n > 5 must have an invariant threeform the highest possible dimension is n = 7. We will analyze the type IIA case first and then the type IIB case.
AdS 7 solutions: IIA
For AdS 7 × S 3 the non-vanishing fluxes are H = f 1 σ and F (0) = f 2 . Since f 1 cannot vanish we must have f 2 = 0 but using (2.1) this implies vanishing AdS 7 curvature. For
which is inconsistent with the first F F equation which says that 5f 2 3 + 3f 2 2 = 2f 2 1 .
AdS 7 solutions: IIB
For AdS 7 ×S 3 the non-vanishing fluxes are H = f 1 σ and F (3) = f 2 σ. The condition H ∧ * F (3) = 0 implies f 2 = 0 but then H must also vanish giving a contradiction. For AdS 7 ×S 2 ×S 1 the fluxes
Again we find f 2 = 0 but now f 2 1 = 2f 2 3 from the F F -equations in (2.3). The Einstein equation in the flat direction then implies f 1 = f 3 = 0 and there is no solution.
AdS 6 solutions: IIA
For AdS 6 ×S 3 ×S 1 with H = f 1 σ (f 1 = 0) and F (4) = f 2 σ ∧ϑ 1 the condition H ∧ * F (4) = 0 forces f 2 = 0 and (2.1) implies vanishing AdS curvature. The only other possible geometry with an invariant three-form is AdS 6 × S 2 × T 2 . The flux takes the form H = f 1 σ ∧ ϑ 1 , F (4) = f 2 σ ∧ ϑ 12 , F (2) = f 3 σ + f 4 ϑ 12 and F (0) = 0. Since f 1 = 0 the condition H ∧ * F (4) = 0 forces f 2 = 0. The difference of the Einstein equations in the two flat directions then gives f 1 = 0, a contradiction.
AdS 6 solutions: IIB
For AdS 6 × S 3 × S 1 the flux is H = f 1 σ, F (3) = f 2 σ and F (1) = f 3 ϑ 1 but the HF -equations in (2.3) force f 2 = f 3 = 0 and again the AdS curvature vanishes. For AdS 6 × S 2 × T 2 the flux
Since f 1 = 0 we find from the HF -equations f 2 = f 5 = 0 while the F F -equations give f 2 1 = 2f 2 4 + f 2 3 . The difference of the Einstein equations in the flat directions gives f 2 1 + f 2 4 − f 2 3 = 0 so that f 4 = 0 but then the Einstein equation in the 2-direction gives f 3 = f 1 = 0, a contradiction.
AdS 5 solutions: IIA
For AdS 5 × S 3 × S 2 with non-zero H we find from (2.1) F (0) = F (2) = 0 and no solution. For AdS 5 × S 3 × T 2 we can have also non-zero F (4) . We must have H = 0 which again forces F (0) = F (2) = 0 and, from H ∧ * F (4) = 0, also F (4) = 0 and no solution.
This leaves backgrounds with S 2 (or È 2 ) factors and flat directions only. For 
and the first F F -equation then forces f 4 = f 5 = 0. We find the solution
The
respectively. This lifts to a solution in eleven dimensions [1, 2] .
As a special case of this analysis we get the solution
The curvatures are −f 2 and 3 2 f 2 respectively. This also lifts to a solution in eleven dimensions. Finally we have AdS 5 × S 2 × T 3 with H = f 1 σ ∧ ϑ 1 + f 2 ϑ 123 , F (4) = σ ∧ α, F (2) = f 3 σ + β and F (0) = 0 with α, β ∈ Ω 2 (T 3 ). The trace of the Einstein equation (2.1) in the torus directions gives 10) while the first F F -equation gives 
AdS 5 solutions: IIB
For AdS 5 × S 5 the flux takes the form F (5) = f (ν + σ) and the same for S 5 replaced by SLAG 3 and we find the solutions
The first is T-dual to the solution in (2.9) [14] .
For AdS 5 × S 4 × S 1 the flux takes the form F (5) = f 1 (ν + σ ∧ ϑ 1 ) and F (1) = f 2 ϑ 1 . The F F -equations in (2.3) force f 2 = 0 but then the Einstein equation in the flat direction forces
The HF -equations imply f 1 f 2 = f 1 f 3 = 0 while the first F F -equation gives f 2 1 = f 2 3 so that f 1 = f 3 = 0 and we find the solution
where all factors have the same radius of curvature. This solution is related by T-duality on the Hopf fiber of S 3 to the special case of solution (2.8) with f 2 = 0.
so that f 1 = f 3 = f 4 = 0. The Einstein equation in the flat directions then forces also f 2 = 0. It remains only to analyze AdS 5 × S 2 × T 3 for which the flux is
while the trace of the Einstein equation in the flat directions gives
and it is not hard to see that there is no solution. 
AdS
The curvatures are −
In the special case f 2 = f 4 = 0 and f 1 = ±3f 3 this background lifts to AdS 4 × S 7 in eleven dimensions [17] .
With a five-dimensional irreducible Riemannian factor we can only have non-zero F (4) but again the first F F -equation forces the flux to vanish. The next possibility is AdS 4 × S 4 × S 2 with flux H = 0,
and the second F F -equation gives f 4 f 3 − f 1 f 2 = 0 and we find the solution
. Since the curvature of the S 2 cannot vanish there cannot be a solution with S 2 replaced by T 2 . In the special case
The next possibility is AdS 4 × S 3 × S 3 with flux H = f 1 σ 1 + f 2 σ 2 , F (4) = f 3 ν and F (0) = f 4 . We have either H = 0 or f 3 = f 4 = 0 but the latter is inconsistent with the first F F -equation and we conclude that f 1 = f 2 = 0 and we have the solution
The curvatures are
If H = 0 we find f 1 f 5 = 0 and f 6 = f 3 = 0. The Einstein equation in flat direction then gives f 2 5 = 2f 2 2 +f 2 4 while the first F F -equation gives 3f 2 5 +f 2 4 = 2(f 2 1 +f 2 2 ) and there is no non-trivial solution. We conclude that f 1 = f 2 = 0 and the Einstein equation in the flat direction gives f 2 3 + f 2 4 = f 2 5 + f 2 6 while the first F F -equation gives f 2 3 = 5f 2 6 + 3f 2 5 + f 2 4 and again there is no non-trivial solution. For AdS 4 ×S 3 ×T 3 the flux takes the form H = f 1 σ+f 2 ϑ 123 , 
while the first F F -equation gives 19) so that f 2 1 = 2|α| 2 + 2f 2 2 and since f 1 cannot vanish we must have α = 0. The Einstein equation in the 2-direction then forces f 4 = 0 which is inconsistent. We conclude that f 1 = f 2 = 0 and the trace of the Einstein equation in the flat directions gives f 2 4 + 3f 2 5 = |α| 2 + 3f 2 3 while the first F F -equation gives f 2 3 = 5f 2 5 + 3|α| 2 + f 2 4 and again there is no non-trivial solution.
It remains to analyze geometries with only S 2 factors and flat directions (recall that È 2 solutions follow as a special case). With three S 2 factors the flux takes the form
The solution is (rescaling
The curvatures in the above solution are all strictly positive which means that there is no solution with one S 2 replaced by T 2 unless H is non-zero. The flux is then as before but with
The F F and HF -equations imply 22) while the Einstein equation in the flat directions gives
Clearly we must have f 7 = 0 since otherwise H vanishes. This implies f 1 = f 6 = f 23 = 0 and we find the solution
and the rest vanishing, giving the solutions
The curvatures are respectively − 3 2 f 2 3 , 2f 2 3 and 2f 2 3 . As a special case of the above analysis we obtain the solution
respectively. The only remaining possibility is AdS 4 × S 2 × T 4 . The flux takes the form H = σ ∧ α + β, 27) while the trace of the Einstein equation in the flat directions gives
These equations imply 29) so that α = 0 which implies f 1 = f 6 = 0 but therefore also f 3 = 0 and from H ∧ F (2) = 0 we get
and f 2 f 4 f 5 = 0. We can now take, without loss of generality, α = f 7 ϑ 1 + f 8 ϑ 3 but the difference of the Einstein equation in the 1 and 2-direction forces f 7 = 0 and similarly we find f 8 = 0 but this contradicts the fact that α = 0 hence there is no solution.
AdS 4 solutions: IIB
With a six-dimensional irreducible Riemannian factor there is no way to put the flux. For
3) forces f 2 = 0 and the Einstein equation in the flat direction forces f 1 = 0. The same applies with S 5 replaced by SLAG 3 . For AdS 4 × S 4 × S 2 there is no way to put the flux. For
and F (1) = f 2 ϑ 1 . Again we find f 2 = 0 and the Einstein equation forces f 1 = 0.
For
The HFequations imply f 1 f 4 − f 2 f 3 = f 1 f 3 + f 2 f 4 = 0 which makes either H or F (3) vanish so that the first F F -equation forces the remaining flux to vanish. For
=0 but the former implies the latter through the first F F -equation. Therefore f 4 = f 5 = 0 and the remaining HF -equations imply f 1 f 6 = f 1 f 3 = 0 while the F F -equations imply f 2 1 + f 2 2 = 2f 2 6 . We conclude that f 1 = 0 and the Einstein equation in the S 1 direction then says that f 2 3 = 5f 2 6 and we have the solution
The curvatures are − It remains only to analyze backgrounds with S 2 factors and flat directions. With three S 2 factors there is no way to put the flux. For AdS 4 × S 2 × S 2 × T 2 the flux takes the form 31) while the trace of the Einstein equation in the flat directions gives
forcing f 1 = 0 and β = δ = η = 0 but then the HF -equations force also α = γ = 0.
AdS 3 solutions: IIA
The only irreducible 7-dimensional factor is S 7 and the flux becomes H = f 1 ν, F (0) = f 2 and the rest vanishing but that is incompatible with the first F F -equation in (2.1). For 
while the Einstein equation in the flat direction says that 6f 2 2 − f 2 3 − f 2 6 − 3f 2 4 − 3f 2 5 = 0. This gives 6f 2 2 = 3f 2 6 + 6f 2 5 + f 2 1 + 3f 2 4 and f 2 3 = 2f 2 6 + 3f 2 5 + f 2 1 so that f 2 cannot vanish which implies f 6 = 0. The condition H ∧ F (4) = 0 then forces f 4 = 0 and similarly f 5 = 0 but then H ∧ * F (4) = 0 gives f 1 f 3 = 0 and there is no solution.
For AdS 3 × S 5 × S 2 the flux takes the form H = f 1 ν, F (2) = f 2 σ and F (0) = f 3 while F (4) vanishes. The HF and F F -equations in (2.1) imply that f 1 f 2 = f 1 f 3 = f 2 f 3 = 0 and 5f 2 3 + 3f 2 2 = −2f 2 1 which has no non-trivial solution. Replacing the S 2 by T 2 the flux takes the form H = f 1 ν, F (4) = f 2 ν ∧ ϑ 1 , F (2) = f 3 ϑ 12 and F (0) = f 4 . The F F and HF -equations imply f 1 f 2 = f 1 f 3 = f 1 f 4 = f 3 f 4 = 0 and 5f 2 4 + 3f 2 3 − f 2 2 = −2f 2 1 giving f 1 = f 3 f 4 = 0 and f 2 2 = 5f 2 4 +3f 2 3 . The difference of the Einstein equations in the flat directions gives f 2 = 0 and no solution. The same applies with S 5 replaced by SLAG 3 . The next possibility is AdS 3 × S 4 × S 3 with flux H = f 1 ν +f 2 σ 2 , F (4) = f 3 σ 1 , F (0) = f 4 and F (2) vanishing. The HF and F F -equations imply f 1 f 4 = f 2 f 4 = f 1 f 3 = f 2 f 3 = 0 and 5f 2 4 + f 2 3 = −2f 2 1 + 2f 2 2 implying f 3 = f 4 = 0 and f 1 = f 2 . However the Einstein equation then implies that the curvature of the S 4 vanishes giving a contradiction.
The difference of the Einstein equations in the 2 and 3-directions gives f 5 = 0 which means that the flux has the same form as in the previous case and there is no solution.
For AdS 3 × S 3 × S 3 × S 1 the flux takes the form H = f 1 ν + f 2 σ 1 + f 3 σ 2 , F (4) = (f 4 ν + f 5 σ 1 + f 6 σ 2 ) ∧ ϑ 1 and F (0) = f 7 while F (2) vanishes. The HF and F F -equations imply
. The Einstein equation in the flat direction implies −f 2 4 + f 2 5 + f 2 6 − f 2 7 = 0, which together with the other equations implies f 7 = 0 and we find the solution (rescaling f 2 and f 3 by f 1 and f 5 and f 6 by f 4 )
respectively. This well-known solution clearly lifts to D = 11.
For AdS 3 × S 3 × S 2 × S 2 the flux takes the form
Since there is no RR flux on AdS the first F F equation implies H = 0 so that f 6 = 0. The remaining HF and F F -equations then give f 3 = f 4 = f 5 = 0 and f 1 = f 2 but then the Einstein equation implies that the curvature of the S 2 's vanish giving a contradiction.
For AdS 3 × S 3 × S 2 × T 2 the flux takes the form 
with
For AdS 3 ×S 3 ×T 4 the flux takes the form H = f 1 ν +f 2 σ+α, F (4) = f 3 ν ∧ϑ 1 +σ∧β +f 4 ϑ 1234 , F (2) = γ and F (0) = f 5 with α ∈ Ω 3 (T 4 ), β ∈ Ω 1 (T 4 ) and γ ∈ Ω 2 (T 4 ). Taking the trace of the Einstein equation in the flat directions gives It is easy to see from these equations that if f 2 = 0 then f 1 = f 4 = f 5 = α = γ = 0 and f 2 3 = |β| 2 . If on the other hand f 2 = 0 then the HF -equations imply that again f 5 = γ = 0 and from the above equations |β| 2 = 3|α| 2 + f 2 3 + 2f 2 4 and 2f 2 2 = |α| 2 + 3f 2 4 + 2f 2 1 so that the previous case can be thought of a special case of this. The second F F -equation implies either f 3 = 0 or β = f 6 ϑ 1 for some f 6 . However if f 3 = 0 we can still set β = f 6 ϑ 1 by a rotation. Therefore β = f 6 ϑ 1 and taking α = f 7 ϑ 234 + f 8 ϑ 123 the difference of the Einstein equation in the 1 and 2-directions now gives f 2 6 = f 2 3 + f 2 7 which together with the previous equations implies f 4 = f 7 = f 8 = 0 and we have the solution
. This is again a well-known solution which also lifts to D = 11.
It remains only to analyze geometries with S 2 factors and flat directions ( È 2 solutions arise as a special case as already noted). For AdS 3 × S 2 × S 2 × S 2 × S 1 the flux takes the form 
Assume f 9 = 0. In this case the above equations have a solution but one finds that the curvature of one of the S 2 's vanishes giving a contradiction. Therefore we must take f 9 = f 10 = f 11 = 0 and we get the solution ) respectively and the sum of any two of the last three is positive. This solution also lifts to D = 11 [1, 2] .
A special case of this analysis gives the solution
The curvatures are − and since H ∧ F (4) = 0 implies f 1 f 4 = 0 we find f 1 = 0. We first analyze the case f 3 = 0. In this case we also get α = f 8 ϑ 1 and β = f 9 ϑ 1 . Without loss of generality we can take ζ = f 10 ϑ 12 + f 11 ϑ 23 , γ = ϑ 1 ∧ γ ′ + f 12 ϑ 23 and δ = ϑ 1 ∧ δ ′ + f 13 ϑ 23 and the Einstein equation in the 1-direction gives 2f 2 8 + 2f Assume f 8 = f 9 = 0. Then H ∧F (4) = 0 implies f 2 f 4 = 0 so that by the previous equation f 2 = 0 and H vanishes. Using the above equations we find that all flux vanishes giving a contradiction. We may therefore assume that f 8 = 0 and therefore f 7 = 0. The condition H ∧ F (2) = 0 now gives
while H ∧ * F (4) = 0 gives 
50) which implies f 14 = 0 and f 10 (f 8 f 13 − f 12 f 9 ) = f 10 f 11 = 0. The second F F -equation gives
Using the previous equations it is not hard to show that there is no solution unless f 10 = 0. Therefore f 10 = f 15 = 0 so that γ ′ = δ ′ = 0 and our ansatz reduces to
The remaining condition from H ∧ F (4) = 0 gives
and the earlier conditions become
, f (2.53)
The first four equations imply that f 5 = 0 since otherwise f 3 = 0 contrary to our assumption. With a bit of work one can show that there is no solution unless f 2 = 0 and one finds
giving the solution (rescaling f 8 , f 9 by f 2 3 + f 2 4 )
55)
respectively. It remains to analyze the case f 3 = 0. In this case the ansatz reduces to It is easy to see that if α and β both vanish there is no non-trivial solution. Therefore we may take α = f 8 ϑ 1 with f 8 = 0 and therefore f 7 = 0. The condition H ∧ F (2) = 0 implies either 4
However, in the second case there are no solutions as we will now show. If f 6 = 0 we get It is easy to see that there is no solution with f 15 = 0 and therefore f 15 = f 12 = f 9 = 0. Noting that if f 11 = 0 the equations we want to solve may be written as
61)
we find three branches of solutions
Plugging this into our ansatz for the fluxes we get the solutions 
). All three branches lift to D = 11 [1, 2] .
A special case of this analysis gives the solution 
Taking the trace of the Einstein equation in the flat directions gives
while the first F F -equation gives 5f 2 4 + 3f
The condition H ∧ F (2) = 0 implies f 1 f 3 = 0, so that f 1 = 0, as well as f 3 β = α∧ ζ and β ∧ ζ = 0. The above equations give 2|α| 2 = 5f 2 4 + 2f 
Using the above equations this forces β = δ = ζ = 0 and, without loss of generality, γ = f 6 ϑ 23 + f 7 ϑ 45 . The remaining conditions from the HF and F F -equations and flat Einstein equations give
(2.77) and we find the solution
with f 2 5 = f 2 2 + f 2 6 . The curvatures are − 
The Einstein equation in the flat direction gives 6f 2 2 + 3f 2 3 + f 2 4 + 3f 2 5 + f 2 6 = 0 and again there is no solution. For AdS 3 × S 5 × S 2 the flux takes the form H = f 1 ν, F (5) = f 2 (1 + * )σ 1 and F (3) = f 3 ν. The condition H ∧ * F (3) = 0 forces f 1 f 3 = 0 but then the first F F -equation in (2.3) forces f 1 = f 3 = 0 and we have the solutions respectively. The former is T-dual to the special case of (2.43) with f 2 = 0. Replacing S 2 by T 2 the flux is the same but now with F (1) = f 4 ϑ 1 . However, the difference of the Einstein equation in the flat directions gives f 2 4 = 0 and we are back at the above ansatz.
The next possibility is AdS 3 × S 4 × S 3 with flux H = f 1 ν + f 2 σ 2 and
The HF -equations give f 1 f 4 − f 2 f 3 = 0 and f 1 f 3 − f 2 f 4 = 0 while the first F F -equation gives
which vanishes and there is no solution.
The Einstein equation in the flat direction gives 2f 2 2 + f 2 3 + f 2 4 + f 2 5 + f 2 6 = 0 and there is no solution. For AdS 3 × S 4 × T 3 the flux is, without loss of generality,
The difference of the Einstein equation in the 2 and 3 direction forces f 7 = 0 while the difference in the 1 and 3 direction gives f 2 3 + 2f 2 6 = 0. The ansatz is then a special case of that analyzed above and there is again no solution.
For AdS 3 ×S 3 ×S 3 ×S 1 the flux takes the form H = f 1 ν +f 2 σ 1 +f 3 σ 2 , F (3) = f 4 ν +f 5 σ 1 +f 6 σ 2 and F (1) = f 7 ϑ 1 . If f 7 = 0 we must have H = 0 and the first F F -equation gives f 2 4 = 2f 2 7 +f 2 5 +f 2 6 while the Einstein equation in the flat direction gives f 2 7 + f 2 4 = f 2 5 + f 2 6 which contradicts the assumption. Therefore f 7 = 0 and the first F F -equation gives
while the Einstein equation in the flat direction gives
respectively. This well-known solution is T-dual to (2.33).
For AdS 3 × S 3 × S 2 × S 2 the flux takes the form H = f 1 ν + f 2 σ 1 , F (5) = f 3 (1 + * )σ 1 ∧ σ 2 + f 4 (1+ * )σ 1 ∧σ 3 and F (3) = f 5 ν +f 6 σ 1 . The F F and HF -equations for F (3) give f 2 1 +f 2 6 = f 2 5 +f 2 2 , f 1 f 6 − f 2 f 5 = 0 and −f 1 f 5 + f 2 f 6 = 0 with solutions f 1 = ±f 2 , f 6 = ±f 5 or f 1 = ∓f 2 , f 6 = ±f 2 , f 5 = −f 2 . The remaining HF and F F -equations give f 1 f 3 − f 2 f 4 = f 1 f 4 − f 2 f 3 = 0 and
Only for the first one is it possible for both S 2 curvatures to be non-vanishing and we find the solution
84)
). This solution is T-dual to the special case of (2.42) with
The Einstein equation in the flat directions gives
while the first F F -equation gives 2f 2 10 + 2f
Assume f 2 = 0. Then we get from the HF -equations that f 9 = f 10 = f 11 = 0 and using the above equations also f 3 = f 8 = 0 but then the curvature of the S 2 is proportional to and f 4 cannot vanish since then the curvature of the S 2 vanishes. The condition H ∧ F (5) = 0 implies f 1 f 4 = f 1 f 5 = 0 so that f 1 = 0, while H ∧ F (3) = H ∧ * F (3) = 0 implies f 3 f 6 = f 3 f 7 = f 3 f 8 = 0. Assume f 3 = 0 so that H = 0 and we may set also f 9 = 0 by a rotation. The remaining F F -equations gives f 5 f 7 + f 4 f 6 = f 10 f 8 + f 4 f 7 + f 5 f 6 = 0 which together with the previous equations implies f 8 = f 10 = f 11 = 0 and vanishing S 2 curvature. Therefore we must have f 3 = 0 and f 6 = f 7 = f 8 = 0. The previous equations give f 10 = f 11 = 0, f 2 9 = f 2 3 and f 2 4 = f 2 3 + f 2 5 and the solution
respectively. This solution is T-dual to the special case of (2.33) with f 1 = 0.
For AdS 3 × S 3 × T 4 the flux takes the form H = f 1 ν + f 2 σ + α, F (5) = (1 + * )σ ∧ β, F (3) = f 3 ν + f 4 σ + γ and F (1) = f 5 ϑ 1 where α, γ ∈ Ω 3 (T 4 ), β ∈ Ω 2 (T 4 ). The trace of the Einstein equation in the flat directions gives
while the first F F -equation gives
implying 2f 2 2 = 2f 2 1 + 3f 2 5 + |α| 2 + 3|γ| 2 and therefore f 5 = 0. If f 2 = 0 we get f 1 = α = γ = 0 and f 2 4 = f 2 3 . While if f 2 = 0 we get from the HF -equations involving F (3) that f 3 = f 1 f 4 /f 2 , γ = −(f 4 /f 2 )α and f 4 (f 2 1 − f 2 2 + |α| 2 ) = 0 implying α = γ = 0 and f 2 2 = f 2 1 . Writing β = f 6 ϑ 12 + f 7 ϑ 34 , without loss of generality, the remaining equations imply f 2 7 = f 2 6 and f 1 (f 6 ∓ f 7 ) = 0 and we find the solution 
). This solution is T-dual to the one in (2.40). 
and F (1) = ζ where α, β, γ, δ, ζ ∈ Ω 1 (T 3 ). The first F F -equation says that and using the above equations we find
Taking α = f 8 ϑ 2 , β = f 9 ϑ 2 + f 10 ϑ 3 , γ = f 11 ϑ 2 + f 12 ϑ 3 and δ = f 13 ϑ 2 + f 14 ϑ 3 the remaining HF -equations and flat Einstein equations give
giving the two solutions
Plugging these into our ansatz for the fluxes we get the solutions . These solutions are T-dual to the special case of (2.69) and (2.70) with f 2 = 0 respectively. The analysis above also shows that there are no solutions with a È 2 factor. For AdS 3 ×S 2 ×T 5 the flux takes the form H = f 1 ν +f 2 σ ∧ϑ 1 +α, F (5) = (1+ * )ν ∧(β +f 3 σ), F (3) = f 4 ν + σ ∧ γ + δ and F (1) = ζ where α, δ ∈ Ω 3 (T 5 ), β ∈ Ω 2 (T 5 ) and γ, ζ ∈ Ω 1 (T 5 ). and using the previous equations this implies 2f 2 1 + 3f
so that f 1 = f 3 = f 4 = 0, α = δ = ζ = 0, i 1 γ = 0 and, without loss of generality, β = f 5 ϑ 12 .
The Einstein equation in the flat directions implies γ = f 6 ϑ 2 and we get the solution
The curvatures are − 1 2 f 2 2 and f 2 2 . This solution is T-dual to that in (2.78).
Supersymmetry analysis
We now wish to analyze which of these backgrounds preserve any supersymmetry. This analysis is simplified by observing that type IIA solutions with only H and F (4) flux lift directly to symmetric space solutions in eleven dimensions with an additional S 1 -factor. It is not hard to see that furthermore the supersymmetry analysis is the same in eleven dimensions and therefore the supersymmetries of these backgrounds follows directly from the analysis performed in [1] . The same applies to type IIB backgrounds T-dual to these IIA backgrounds on an S 1 -factor. 5 From that analysis it follows that the only supersymmetric ones are backgrounds 18 and 21 in table 4 (some branches of solution 23 are also covered by that analysis but we will come back to this below).
It now remains only to analyze backgrounds 1, 2 and 4 in 5 It is not true for T-duality on for example the Hopf fiber of S 3 which can break some of the supersymmetries. In general, for a T-duality on an S 1 (fibered or not), the Killing spinors that are preserved are the ones that do not depend on the S 1 coordinate. A fancier way to say this is that the preserved supersymmetries are determined by the so-called Kosmann derivative [37] .
to be maximally supersymmetric. Solutions 20 and 24 are also well known supersymmetric nearhorizon geometries [23, 33] . We will analyze the remaining ones in turn below.
The conditions needed for the backgrounds to preserve some supersymmetries are the integrability of the Killing spinor equation and the dilatino equation. In the case of type IIA symmetric spaces they take the form (see [35] whose conventions we follow) 6 (R ab cd
In the type IIB case they take formally the same form provided one replaces the 32 × 32 gamma matrices Γ a by 16× 16 ones γ a and Γ 11 by σ 3 acting on the two MW spinors of type IIB. In these equations the fluxes appear contracted with gamma matrices in the combinations / H = 1 6 Γ abc H abc and
3)
We will now analyze these equations for the backgrounds which remain after the observations above.
AdS 5 × SLAG 3
Using the form of the fluxes in (2.12) in (3.4) we find
Using this in the (59)-component of (3.1), together with the fact that R 59 ab = 0 from (A.6), we get f 2 ξ = 0 and no non-trivial solution ruling out supersymmetry for this background.
AdS
Using the form of the fluxes in (2.13) in (3.4) we find
Using this in the (59)-component of (3.1) one finds again that there is no supersymmetric solution.
Using the form of the fluxes in (2.15) in (3.3) we find 7
The dilatino equation (3.2) reads
Recall that all terms involving derivatives of background fields vanish in the case of symmetric spaces. 7 In the special case when the Romans mass vanishes the AdS4 solutions with Riemannian factor being a Kähler
, lift to Sasaki-Einstein solutions in 11 dimensions. The Sasaki-Einstein space is a U (1) fibration over the Kähler base and dimensional reduction on the U (1) fiber typically breaks the supersymmetry completely [13, 38] . This is consistent with our findings here.
Using this the (04)-component of (3.1) gives
Since the two matrix factors commute with each other we can analyze separately the case where the first(second) factor annihilates ξ. Assume that the first factor annihilates ξ. Multiplying with the same factor but with the sign of the Γ 45 -term changed gives
Multiplying with same expression but with the sign of the last term changed gives
and since the eigenvalues of Γ 4589 are ±1 this gives f 3 = ±f 1 and f 13 = ±f 12 . Using this in the previous equations gives
Multiplying with same expression but with the sign of the second term changed gives (3f
and since the eigenvalues are ±1 this gives f 1 = 0 and f 12 = ±3f ′ 4 but since f 3 = ±f 1 = 0 one finds from the relations between the parameters in (2.26) that there is no non-trivial solution and supersymmetry is ruled out for this background.
Using the form of the fluxes in (2.17) in (3.3) we find S = f (1 − √ 5Γ 0123 ) and the dilatino equation (3.2) gives f (5 − √ 5Γ 0123 )ξ = 0 which rules out supersymmetry.
Using the form of the fluxes in (2.30) in (3.3) we find
The dilatino equation (3.2) reads f (2± √ 2σ 1 γ 789 )ξ = 0 which clearly has no non-trivial solution.
Using the form of the fluxes in (2.21) in (3.3) we find
Using this in the (04)-component of (3.1) we get
33) The two matrix factors commute and we can analyze separately the case where the first(second) factor annihilates ξ. Assume the second factor annihilates ξ. Multiplying with the same factor but with the sign of the last term changed gives
Doing the same again gives Due to the symmetry in the S 2 factors we must then have that the first factor annihilates ξ in the (04), (06) and (08)-component of (3.1), i.e., looking at (3.33),
Taking the difference of the first two equations we get
Multiplying with same factor but with the sign of the last term changed gives
implying f 2 2 = f 2 1 and f 2 23 = f 2 13 and (f 1 + f 2 Γ 4567 )ξ = 0. In a similar way we find, by taking the difference of two equations, that f 2 3 = f 2 1 and f 2 23 = f 2 12 and (f 1 + f 3 Γ 4589 )ξ = (f 2 + f 3 Γ 6789 )ξ = 0 and we are left with the single equation
Multiplying with the same expression but with the sign of the last term changed gives
and it is easy to see, using the relations between parameters in (2.21), that there is no non-trivial solution. This rules out supersymmetry for this background.
Using the form of the fluxes in (2.25) Multiplying with the same expression but with the sign of last term changed gives f 3 1 + 6 √ 2(Γ 459 ∓ Γ 678 ) ξ = 0 which obviously has no non-trivial solution.
14 & 15. Using this in the (29)-component of (3.1) one finds again that there is no supersymmetric solution.
One can also obtain several AdS 2 solutions by double analytic continuation of the solutions with S 2 factors found in this paper. The only cases where this does not lead to real solutions are backgrounds 11 and 13 in table 3. We hope to address the full classification in the future.
An interesting application of this classification of solutions is to the classification of integrable strings. The supersymmetric solutions we have found are known to lead to integrable superstrings [33, 34] and an interesting question is whether any of the non-supersymmetric solutions can lead to integrable superstrings. 9 This question was analyzed recently for the richest solution (in terms of free parameters) found here, AdS 3 × S 2 × S 2 × T 3 in table 4, in [39] where it was found that the superstring is integrable precisely for choices of the flux parameters such that the model is T-dual (e.g. [40] ) to the supersymmetric AdS 3 × S 3 × S 3 × S 1 solution. This analysis and other arguments suggest that generically one should only expect integrability in the supersymmetric case (or cases related by T-duality) but a proof is still lacking. Although this question is different from that of stability of the background analyzed in [6, 7] they both point towards supersymmetry playing a very important role in AdS/CFT. I plan to address the question of integrability for the remaining backgrounds found here in the near future.
where the Riemann tensor appears in the [P, P ] commutator and the so(n) generators M ij should be suitably projected to the subalgebra h. Note that the superisometry algebra g = h ⊕ p with p spanned by {P i } and h spanned by the suitably projected {M ij }. Our strategy will be to derive the form of the Riemann tensor by casting the superisometry algebra of the space in question into this form. Note also that it is important that the P i are correctly normalized, i.e. Tr(P i P j ) = − 2 R 2 δ ij , with all generators anti-hermitian. In the following we define E ij to be matrix with 1 in position (i, j) and zero elsewhere. We also define A ij = E ij − E ji and S ij = E ij + E ji .
A.1 SLAG 3 SLAG 3 is the five-dimensional symmetric space SU (3)/SO(3). The Lie algebra of SU (3) consists of anti-hermitian traceless 3 × 3 matrices. The isometry algebra splits as su(3) = h ⊕ p where we take h = so(3) to be spanned by the anti-symmetric real matrices We can now read off the Riemann tensor from the [P i , P j ] commutator and we find that it takes the simple form R ab cd = −2(δ We can now read off the Riemann tensor from the [P i , P j ] commutator and we find the non-zero components (A.14)
